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Table A: Strains and plasmids disclosed in this study. 
Strains and plasmids	Genotype
E. coli BL21(DE3)	F– ompT gal dcm lon hsdSB(rB- mB-) λ(DE3 [lacI lacUV5-T7 gene 1 ind1 sam7 nin5]
E. coli 1993	E. coli BW25113, ldhA-fnr::FRT, adhE::FRT, frd::FRT,pflB::FRT, F'(lacIq+), ilvC::PLlacO1::Ll_kivd1::Ec_ilvD_coEc::FRT, pta::PLlacO1::Bs_alsS1, FRT::KAN::FRT
E. coli 1993mod	E. coli BW25113, ldhA-fnr::FRT, adhE::FRT, frd::FRT,pflB::FRT, F'(lacIq+), ilvC::PLlacO1::Ll_kivd1::Ec_ilvD_coEc::FRT, pta::PLlacO1::Bs_alsS1, FRT, sthA::PLlacO1::pntAB::FRT-kan-FRT
S.cerevisiae CEN.PK2	MATa/MATa; ura3-52/ura3-52; trp1-289/trp1-289; leu2-3,112/leu2-3,112; his3-D1/his3-D1; MAL2-8C/MAL2-8C; SUC2/SUC2
pET22b(+)	PT7,bla, ori pBR322, lacI, C-term 6xHis
pET[ilvC]	PT7::Ec_ilvC_coEc, bla, oripBR322, lacI, C-term 6xHis
pGV1662	PTEF1:Ll_kivd:TCYC1, URA3, 2μ ori, bla, pUC ori 
pGV1705	pLlacO1::alsS::Ec_yqhD::Ec_ilvC bla, ColE1 ORI
pGV1705-A	pLlacO1::Ec_yqhD bla, ColE1 ORI
pGV1711	pLlacO1::(no ORF) bla, ColE1 ORI
pGV1777	pLlacO1::Ec_ilvC_coEc, bla, ColE1 ORI
pGV1925	pLlacO1::Ec_fucO ::Ec_ilvC_coEc::bla, ColE1 ORI
pGV1975	pLlacO1::Ec_fucO::Ec_ilvC_coEc6E6-his6 bla, ColE1 ORI
pGV1947	PSc_TEF1-Ll_adhA-TSc_CYC1  bla  URA3  pMB1 ori  2µ ori
pGV2476	PSc_TEF1-Ll_adhAhis6-TSc_CYC1  bla  URA3  pMB1 ori  2µ ori
pGV2477	PSc_TEF1-Ll_adhARE1-his6-TSc_CYC1  bla  URA3  pMB1 ori  2µ ori
pGVferm1	pLlacO1::Ec_yqhd ::Ec_ilvC_coEchis6::bla, ColE1 ORI
pGVferm2	pLlacO1::Ll_adhA ::Ec_ilvC_coEchis6::bla, ColE1 ORI
pGVferm3	pLlacO1:: Ll_adhARE1 ::Ec_ilvC_coEchis6::bla, ColE1 ORI
pGVferm4	pLlacO1::Ec_yqhd ::Ec_ilvC_coEc6E6-his6::bla, ColE1 ORI
pGVferm5	pLlacO1::Ll_adhA::Ec_ilvC_coEc6E6-his6::bla, ColE1 ORI
pGVferm6	pLlacO1:: Ll_adhARE1::Ec_ilvC_coEc6E6-his6::bla, ColE1 ORI



Table B: Sequences of primers disclosed in this study. 
Primers	Sequence (listed as 5’ to 3’)
KARIpETfor	ATTCATATGGCGAATTATTTCAACACTCTG
KARIpETrev	TAATCTCGAGGCCAGCCACCGCGATGCG
R68DK69Lfor	TAGCTATGCGCTGGACCTGGAGGCTATC
R68DK69Lrev	GATAGCCTCCAGGTCCAGCGCATAGCTA
K75VR76Dfor	AGGCTATCGCGGAAGTTGACGCTAGCTG
K75VR76Drev	CAGCTAGCGTCAACTTCCGCGATAGCCT
R68NNK_for	TAGCTATGCGCTGNNKAAGGAGGCTATC
R68NNK_rev	GATAGCCTCCTTMNNCAGCGCATAGCTA
A71NNK_for	GCGCTGCGCAAGGAGNNKATCGCGGAAAAAC
A71NNK_rev	GTTTTTCCGCGATMNNCTCCTTGCGCAGCGC
R76NNKfor	AGGCTATCGCGGAAAAANNKGCTAGCTGGC
R76NNKrev	GCCAGCTAGCMNNTTTTTCCGCGATAGCCT
S78NNK_for	GCGGAAAAACGTGCTNNKTGGCGCAAGGCTACT
S78NNK_rev	AGTAGCCTTGCGCCAMNNAGCACGTTTTTCCGC
Gln110NNK_for	CTGACCCCAGATAAANNKCATAGCGACGTTG
Gln110NNK_rev	CAACGTCGCTATGMNNTTTATCTGGGGTCAG
R68A71recombfor	GCTATGCGCTGCKAAAGGAGDCAATCGCGG
R68A71recombrev	CCGCGATTGHCTCCTTTMGCAGCGCATAGC
R76S78recombfor	GAAAAACGTGCTAGCTGGCGCAAGGCTACT
R76S78recombrev	AGTAGCCTTGCGCCAGCTAGCACGTTTTTC
G76S78recombfor	GAAAAAGGTGCTAGCTGGCGCAAGGCTACT
G76S78recombrev	AGTAGCCTTGCGCCAGCTAGCACCTTTTTC
S76S78recombfor	GAAAAAAGTGCTAGCTGGCGCAAGGCTACT
S76S78recombrev	AGTAGCCTTGCGCCAGCTAGCACTTTTTTC
T76S78recombfor	GAAAAAACTGCTAGCTGGCGCAAGGCTACT
T76S78recombrev	AGTAGCCTTGCGCCAGCTAGCAGTTTTTTC 
D76S78recombfor 	GAAAAAGATGCTAGCTGGCGCAAGGCTACT
D76S78recombrev	AGTAGCCTTGCGCCAGCTAGCATCTTTTTC
R76D78recombfor	GAAAAACGTGCTGACTGGCGCAAGGCTACT
R76D78recombrev	AGTAGCCTTGCGCCAGTCAGCACGTTTTTC
G76D78recombfor	GAAAAAGGTGCTGACTGGCGCAAGGCTACT
G76D78recombrev	AGTAGCCTTGCGCCAGTCAGCACCTTTTTC
S76D78recombfor	GAAAAAAGTGCTGACTGGCGCAAGGCTACT
S76D78recombrev	AGTAGCCTTGCGCCAGTCAGCACTTTTTTC
T76D78recombfor	GAAAAAACTGCTGACTGGCGCAAGGCTACT
T76D78recombrev	AGTAGCCTTGCGCCAGTCAGCAGTTTTTTC
D76D78recombfor	GAAAAAGATGCTGACTGGCGCAAGGCTACT
D76D78recombrev	AGTAGCCTTGCGCCAGTCAGCATCTTTTTC
adhAcoSc_SalIin_for	GTTTGTCGACATGAAGGCTGCAGTTGTCCGT
adhAcoSc_NotIin_for	TCGAGCGGCCGCTTAGTGGTGGTGGTGGTGGTGCTTCGTGAAGTCTATAACCATTCTACC
pGV1994ep_for	CGGTCTTCAATTTCTCAAGTTTCAGTTTCATTTTTCTTGTTCTATTACAAC
pGV1994ep_rev	CTAACTCCTTCCTTTTCGGTTAGAGCGGATGTGGG
Recomb1ADHY50_for	TGCTGCCGGAGATTWCGGCAACAAGGCAGG
Recomb1ADHY50_rev	CCTGCCTTGTTGCCGWAATCTCCGGCAGCA
Recomb1ADHL264_for	ATGGTAGCCGTTGCTKTACCAAACACAGAA
Recomb1ADHL264_rev	TTCTGTGTTTGGTAMAGCAACGGCTACCAT
Recomb1ADHI212_Y219_for	GCTGATGTCAYAATTAACTCTGGTGACGTTWACCCTGTAG
Recomb1ADHI212_Y219_rev	CTACAGGGTWAACGTCACCAGAGTTAATTRTGACATCAGC
1705_A_for	CGCGAATTCGGATCCGAGGAGAAAATAGTTATGAACAACTTTAATCTGCACACCCC
1705_A_rev	GCGCCTAGGGCGGCCGCTTAGCGGGCGGCTTCGTATATACGG
adha_Ecoin_for	CGAATTCGGATCCGAGGAGAAAATAGTTATGAAAGCAGCAGTAGTAAGACACAATCCAGA
adha_NotIn_rev	ACTCGAGCGGCCGCTTATTTAGTAAAATCAATGAC
RE1_Ecoin_for	CTGACCGAATTCGGATCCGAGGAGAAAATAGTTATGAAAGCAGCAGTAGTAAGAC
RE1_NotIn_rev	AACGCCTAGGGCGGCCGCTTATTTAGTAAAATCAATGACCATTC
6E6_NotIin_for	GTAAGCGGCCGCGTTAAGAAGGAGATATACATGGCGAATTATTTCAACACTCTGAACCT
6E6_AvrIIin_rev	GCCGAACGCCTAGGTCAGTGGTGGTGGTGGTGGTGCTCGAGGCCAGCCAC











Table C: Specific activities of IlvC wild type and its variants determined using NADPH and NADH and 2-AL in excess.
Variant	Mutations	U/mga NADH	U/mga NADPH	NADH/NADPH
IlvChis6	-	0.08	1.0	0.08
IlvCR68L-his6	R68L	0.27	1.15	0.23
IlvCA71T-his6	A71T	0.48	1.81	0.27
IlvCA71S-his6	A71S	0.57	2.65	0.22
IlvCR76G-his6	R76G	0.64	2.73	0.23
IlvCR76S-his6	R76S	0.59	1.51	0.39
IlvCR76T-his6	R76T	0.25	1.0	0.25
IlvCR76D-his6	R76D	0.26	0.69	0.38
IlvCS78D-his6	S78D	1.0	0.61	1.64
IlvCQ110A-his6	Q110A	0.85	2.0	0.43
IlvCQ110V-his6	Q110V	0.93	2.0	0.47
All enzymes were purified prior to characterization. The mutations are given relative to wild-type IlvC. Each value represents the average of three independent measurements. The resulting standard errors were within 5%.
a) The enzyme activities were determined in 250 mM potassium phosphate pH 7 with 1 mM DTT, 200 M NADPH or NADH, 10 mM 2-AL, and 10 mM MgCl2. The concentrations of the purified enzymes were determined using the Bradford assay.







Table D: Calculation of the anaerobic yield was done using the isobutanol titer and the amount of glucose consumed during the anaerobic phase of the fermentations, and the following formula: (titer/glucose)/0.41*100
Strain	Isobutanol produceda [g/L]	Glucose consumedb [g/L]	Yield [%]
IlvC/YqhD	1.3	6.1	53 ± 13
IlvC/YqhD + PntAB	8.5	21	99 ± 3
IlvC/AdhA	2.3	7.6	75 ± 7
IlvC/RE1	2.4	8.0	74 ± 2
6E6/YqhD	3.0	8.9	82 ± 5
6E6/AdhA	8.4	20.5	100 ± 1
6E6/RE1	13.4	31.8	103 ± 2
a, b) The numbers represent the average of three independent measurements. The resulting standard errors were at most 13%.
Table E: Calculation of the theoretical yield. Assuming (1) NADPH-dependent pathway and (2) no transhydrogenase converting NADH to NADPH and (3) both PPP and glycolysis are on: 
1 Glucose + 0.86 O2   —> 4 ATP + 2.57 CO2 + 0.86 isobutanol
0.14 glucose	->	0.28 ATP + 0.28 NADH + 0.28 pyruvate
0.87 Glucose	->	1.45 ATP + 0.87 CO2 + 1.45 NADH + 1.74 NADPH + 1.45 pyruvate
1.72 pyruvate	->	0.86 2-acetolactate + 0.86 CO2
2-acetolactate + 0.86 NADPH 	->	0.86 2,3-dihydroxy-isovalerate
0.86 2,3-dihydroxy-isovalerate	->	0.86 2-ketoisovalerate
2-ketoisovalerate + 0.86 NADPH	->	0.86 CO2 + 0.86 isobutanol 
1.71 NADH	->	3.42 H+ (excreted) + 1.71 quinone hydrogenated
0.86 O2 + 1.72 quinone hydrogenated	->	3.44 H+ (excreted) 
6.87 H+ (excreted)	->	2.29 ATP
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